Introduction
Spontaneous intracranial hypotension (SIH) was initially described in 1938 by Schaltenbrand. 1 SIH is a syndrome characterized by orthostatic headaches, low cerebrospinal fluid (CSF) pressure, and diffuse pachymeningeal enhancement on brain magnetic resonance imaging (MRI) with contrast. [2] [3] [4] SIH is generally due to CSF leaks from the spinal meningeal diverticula or dural rents, frequently at the cervicothoracic junction, although the cause of leakage is not fully understood. 4, 5 Treatment of SIH includes conservative approaches,
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Abstract
Objective An epidural blood patch (EBP) is the mainstay of treatment for refractory spontaneous intracranial hypotension (SIH). We evaluated the treatment efficacy of targeted EBP in refractory SIH. Methods All patients underwent brain magnetic resonance imaging (MRI) with contrast and heavily T2-weighted spine MRI. Whole spine computed tomography (CT) myelography with non-ionic contrast was performed in 46 patients, and whole spine MR myelography with intrathecal gadolinium was performed in 119 patients. Targeted EBPs were placed in the prone position one or two vertebral levels below the cerebrospinal fluid (CSF) leaks. Repeat EBPs were offered at 1-week intervals to patients with persistent symptoms, continued CSF leakage, or with multiple leakage sites.
Results Brain MRIs showed pachymeningeal enhancement in 127 patients and subdural hematomas in 32 patients. One hundred fifty-two patients had CSF leakages on heavily T2-weighted spine MRIs. CSF leaks were also detected on CT and MR myelography in 43 and 111 patients, respectively. Good recovery was achieved in all patients after targeted EBP. No serious complications occurred in patients treated with targeted EBP during the 1 to 7 years of follow-up. Conclusions Targeted and repeat EBPs are rational choices for treatment of refractory SIH caused by CSF leakage.
such as bed rest, adequate hydration, caffeine intake, and abdominal binders and invasive procedures, such as autologous epidural blood patches (EBPs), fibrin injection, or open surgical repair. An EBP is the preferred treatment for patients who have failed a conservative approach.
6
Because of the rarity of SIH, evidence for the efficacy of EBP is insufficient, and a uniform protocol on how to perform an EBP has not been established worldwide; [7] [8] [9] [10] [11] Currently, the standard of care for SIH patients is predominantly comprised of conservative treatment in most Chinese medical communities, including patients with refractory SIH. Therefore, in the present study, we assessed the treatment efficacy of targeted EBPs (patches delivered directly to the site of CSF leakage) for refractory SIH patients after identification of the CSF leakage via an imageologic examination in our institution.
Methods
The ethics committee of Center for Intracranial Hypotension Management, Sir Run Run Shaw Hospital, School of Medicine approved this study. Between October 2007 and January 2014, a total of 179 patients (60 males and 119 females) who were diagnosed with SIH due to spontaneous or idiopathic low CSF pressure according to the International Classification of Headache Disorders criteria for headaches attributed to spontaneous (or idiopathic) low CSF pressure.
12
One hundred sixty-five patients with CSF leakages who failed conservative treatments (bed rest and overhydration) over a 2-week period were retrospectively reviewed. The patients who were suspected to have SIH, but did not exhibit a CSF leakage on radiologic imaging, were not be enrolled in this retrospective study. All 165 SIH patients with refractory CSF leaks were identified by whole spine heavily T2-weighted spine MRI coupled with CT myelography and non-ionic contrast or MR myelography with intrathecal gadolinium. A targeted EBP was performed based on the results of CT myelography or MR myelography first, followed by the results of heavily T2-weighted spine MRI without showing the CSF leakage on CT myelography or MR myelography.
After giving full informed consent, all 165 patients were treated with an EBP targeted to the CSF leakage. The EBP was performed under strict aseptic conditions. Patients were in a prone position and awake during the entire procedure. An 18G needle was inserted in the epidural space using a midline approach at the appropriate level (one or two vertebrae levels below the CT myelography, MR myelography, or heavily T2-weighted spine MRI demonstrating CSF leakage) using the saline loss-of-resistance technique. We slowly injected sterile autologous peripheral unclotted venous blood into the epidural space. We stopped the injection when the patient complained of radicular pain, numbness, or headache. For EBPs at the cervical, cervical-thoracic, lower thoracic, and lumbar levels, the volume of injected blood was 10, 15, 15, and 20 mL, respectively. The patients were maintained in the prone position for 30 minute after the procedure and then were placed in the supine position with strict bed rest for the next 48 hours after the EBP had been placed. In patients who had no response to EBP, relapse after EBP, or multiple-level CSF leakages, we considered a repeat EBP at a minimum of a 1-week interval.
Outcomes were defined as follows: good recovery (complete or near-complete resolution of symptoms and returning back to work or school [relief ! 75%]); moderate recovery (partial symptomatic resolution (relief ! 50%); or no change (relief < 50%).
Results
A total of 165 patients (49 males and116 females; age range, 24-73; mean age, and 37.5 years; ►Table 1) were considered to have SIH refractory to conservative treatment in the current retrospective study.
One hundred sixty-one patients had orthostatic headaches, and four patients had orthostatic neck pain as the presenting and core symptom. Other clinical manifestations included nausea, vomiting, dizziness, neck stiffness, shoulder pain, intrascapular pain, diplopia, photophobia, and tinnitus (►Table 2). Lumbar punctures were performed in all 165 patients. One hundred thirty-nine patients had low CSF opening pressures (►Table 2).
Pachymeningeal enhancement was the most common finding on brain MRI with contrast (►Fig. 1) and existed in 103 patients (►Table 2). Thirty-one patients had subdural hematomas on brain MRI with contrast (►Fig. 2 and ►Table 2). Heavily T2-weighted spinal MRI showed the CSF leakage level (►Fig. 3) in 152 patients (►Table 2). Of the 48 patients who underwent CT myelography, 43 (89.6%) had CSF leaks (►Fig. 4 and ►Table 2). Of the 117 patients who underwent MR myelography, 111 (94.9%) had CSF leaks (►Fig. 5 and ►Table 2). CSF leakage sites were as follows: cervical level, 41 patients; cervical-thoracic level, . More than one spinal segment was affected in 149 (90.3%) patients. Eighty-four percent of the leakage sites were located in the cervical spine and cervicothoracic junction. The leakage site of the CSF leak was not determined in 5 patients by CT myelography and in 6 patients by MR myelography; the CSF leakage level was shown on heavily T2-weighed spine MRI in all 11 patients (►Fig. 4). All 165 patients were treated with targeted EBP (range, 6-20 mL; mean, 12.24 mL) with CT myelography guidance (43 patients), MR myelography (111 patients), and heavily T2-weighted spine MRI (11 patients) after failure to recover from conservative treatment (bed rest and overhydration). During the EBP procedure, 72 patients complained of pain at the puncture site, 65 experienced pain radiating to the upper limb, 29 felt numbness in the upper limb, 27 experienced pain radiating to the lower limb, 12 felt numbness in the lower limb, 21 had neck stiffness, 19 had headaches, and 16 were dizzy; all of these symptoms resolved immediately after injection or within hours after the procedure. Transient bradycardia occurred in 12 patients during epidural blood injection, and 3 patients were treated with atropine intravenous injection. No serious procedure-associated mortalities were observed (►Table 3).
Good recovery was obtained in all 165 patients after one (n ¼ 145), two (n ¼ 12), three (n ¼ 7), or four (n ¼ 1) targeted EBPs during the initial hospitalization. Additionally, eight patients underwent burr hole drainage because of the mass effect of subdural hematomas before performing targeted EBP. Among the 5 patients, 2 had good recovery after 2 EBPs and the remaining 3 patients recovered after 1 EBP. Amongst the 165 patients, 5 had recurrent CSF leaks after discharge. Among the five patients, three had CSF leak recurrences at the previous leakage site, and two had CSF leak recurrences at a different site. All five patients underwent one EBP during the initial hospitalization and experienced sustained symptomatic relief after a repeat targeted EBP. There were no serious complications during EBP placement and after EBP throughout the follow-up period (range, 3.3 years; mean, 1-7 years).
Discussion
SIH is caused by a CSF leak from a tear in the dura mater. The incidence of SIH is 5 per 100,000/year and is more prevalent in middle-aged women, with a female-to-male ratio of 2:1.
13-18
Our results are similar to previous reports. Mokri 19 reported that the clinical manifestations of low CSF pressure include orthostatic headache, nausea, vomiting, dizziness, diplopia, blurred visual, photophobia, neck or intrascapular pain, stupor, and coma. Orthostatic headache is the most common clinical manifestation of SIH, occurring in the upright position and relieved when recumbent. 3, 19 In the current study, 161 patients had orthostatic headaches as the presenting and core symptom, which is similar to previous reports. Treatment for SIH usually begins with a conservative approach, such as bed rest, oral hydration, caffeine intake, and abdominal binders. 19, 20 The latency of the efficacy of conservative measures is variable. Outcomes have been poorly analyzed, and no management options have been studied in properly controlled randomized trials. 21 There is no consensus regarding the conservative measures for SIH. Indeed, it is expected that some conservative measures will not yield a durable effect. If the symptoms of SIH persist or worsen, a more aggressive approach may be required, such as surgical CSF leakage repair, placement of fibrin glue, and EBP.
22,23
EBP is considered the current mainstay of treatment for SIH patients who have failed conservative measures. 5, 14, 24 In our institution, we recommend at least 2 weeks of conservative measures for SIH patients before placing an EBP. An EBP may be targeted to the CSF leakage site or "blinded" distant from the CSF leakage site. Some clinicians perform a "blinded" EBP with a uniform injection site in the lumbar spine. 22, 25, 26 It is our opinion that EBP performed in the lumbar region, though technically easier, offers a lower likelihood of controlling a large leak in the cervical region. Furthermore, the volume of blood injected is much larger if the blood patch is performed at the precise site of the CSF leak. It has been shown in some studies that targeted EBP is more effective than blind EBP for the treatment of SIH. 14,27-29 Therefore, we suggest that EBP procedures should be performed as close to the CSF leakage site as possible to increase the efficacy and success rates. The key to perform targeted EBP is accurately determining the site of CSF leakage.
There are various imaging techniques for confirming the diagnosis of SIH, searching for the site of CSF leakage, and helping to guide targeted EBP, including heavily T2-weighted spine MRI, CT myelography, and MR myelography.
14,30 Heavily T2-weighted spinal MRI is a non-invasive radiologic procedure that usually shows meningeal diverticula, meningeal enhancement, and extrathecal fluid collections, which often extend along several spinal levels in patients with CSF leaks. 31 Mokri 19 reported that it is not uncommon to identify the level of the leak, but it is uncommon to detect the actual site of the leak by spine MRI. CT and MR myelography are the preferred spinal imaging techniques because the site of CSF leak can effectively and safely be identified, and more accurate localization of the tear can be provided than can be with spine MRI.
14,28
In the current study, all patients underwent detection of CSF leakages by heavily T2-weighted spine MRI coupled with CT or MR myelography. The exact CSF leakage site was demonstrated in 152 of 165 patients. Exact CSF leakage sites were also detected on CT myelography in 43 patients and on MR myelography in 111 patients. Of particular note in this series is that there were 11 patients in whom no exact CSF leakage site was demonstrated on CT or MR myelography. We believe that this failure may be due to slow-flow CSF leakage, which remains problematic and a lingering challenge. 32 In the 11 patients, the CSF leakage level was shown on heavily T2-weighted spine MRI. In the current study, 84% of the detected CSF leakage sites were located in the cervical and cervicothoracic regions, which are the common CSF leakage sites in SIH patients.
4
In our institution, heavily T2-weighted spinal MRI along with CT and MR myelography are used as first-line diagnostic tools for the detection of CSF leaks. Given the less invasive nature, we recommend placing an EBP via the results of spine heavily T2-weighted MRI only when the exact CSF leak is not identified via CT or MR myelography. In this series of patients, 11 (6.7%) patients benefited from CSF leak localization on heavily T2-weighted spine MRI. Radioisotope cisternography is another technique to assess CSF leaks, but not sensitive in localizing the exact leakage sites.
33
The success rate of EBPs for CSF leak has not been thoroughly studied and is less impressive than EBPs for post-dural puncture headaches. 34 Many SIH patients may require more than one EBP. In our series of patients, complete recovery was obtained in all patients after one (n ¼ 145), two (n ¼ 12), three (n ¼ 7), or four (n ¼ 1) targeted EBPs during the initial hospitalization. The success rate after the first targeted EBP was 87.9%. Five SIH patients had recurrent CSF leaks and achieved sustained symptomatic relief after repeat targeted EBP. We suggest that this good outcome may be due to the detection of CSF leakage sites by iconography and performing targeted EBP for the CSF leak. Strict bed rest for 48 hours after EBP may also play an indispensable role in satisfactory recovery. We also believe that a minimum of a 1-week interval between two EBPs is important so that the EBP can form a scar to seal the previous CSF leak. It is well known that SIH is sometimes associated with subdural hematomas. In the current study, 31 (18.8%) For most SIH patients with subdural hematomas, EBP should be considered as the initial treatment prior to irrigation of the hematoma. In some patients in whom the subdural hematoma becomes symptomatic, irrigation of the hematoma should be considered. Attentions should be paid to physical discomfort during the targeted EBP procedure, as well as for performing blind EBPs.
37
In this study, the cervical and cervicothoracic levels were the frequent sites, and targeted EBP may thus be associated with a higher risks. The adverse effects of targeted EBP include neck stiffness, numbness, radicular pain, dizziness, headache, fever, and puncture site pain. The adverse effects were partly related to the volume and speed of injecting blood. There was no consensus among previous reports regarding the amount of blood volume to be injected while performing EBP. We recommend reducing the speed or stopping the injection of blood when patients complain of pain and numbness or other serious symptoms. In our hands, the volume of injected blood was 10, 15, 15, and 20 mL for targeted EBP at the cervical, cervical-thoracic, lower thoracic, and lumbar levels, respectively. In the current study, we slowly injected sterile autologous peripheral unclotted venous blood (range, 6-20 mL; mean, 12.24 mL) into the epidural space. The most common side effects were puncture site pain while injecting blood. Most of these symptoms related to EBP resolved after the procedure. There were no serious complications observed during or after EBP. The puncture site pain and pain or numbness in the limbs result from the traction of adhesion due to spinal fluid in the epidural space. The neck stiffness may be due to the effect of blood in the cervical region. The headache during or after blood injection is usually different from the orthostatic headache related to SIH and may be due to the transient increase in CSF pressure or rebound intracranial hypertension.
19,38
When an EBP fails, epidural injection of fibrin glue or fibrin glue followed by blood may help to close the CSF leak.
39
The effectiveness of fibrin glue has not been established due to limited data. Surgical repair is a treatment of last resort and can be tried for patients who remain refractory to EBP or epidural fibril glue injection. None of the patients in the current series needed epidural fibril glue injection or surgical repair of CSF leakage.
In the current series of patients, five (3%) had recurrent CSF leaks after the initial EBP. Literature pertaining to the recurrence of SIH is lacking, and the incidence has not been previously established. Spontaneous CSF leaks can occur with variable frequency and intervals from the previous leak or from a different site ranging from weeks to years. 32 Among the five patients with recurrent CSF leaks, three had recurrences at the previous leakage site, and two had recurrences from a different site. Repeat EBPs were performed after relocalization of CSF leaks, and symptom relief was obtained. Among the 165 patients, 20 underwent repeat EBPs during the initial hospitalization, and 5 underwent repeat EBPs after the recurrences. In the 25 patients who required more than one EBP, 23 had multiple levels of CSF leakage, which usually represents a significant therapeutic challenge in our institution. Repeat EBPs can increase the success rate of EBP for SIH patients, and a previous EBP failure should not be taken as a signal that a subsequent EBP will fail. In the present series, targeted EBPs were performed in refractory cases with headaches that did not regress within 2 weeks and along with CSF leakage on imaging techniques despite strict conservative treatment. This is the largest patient study on targeted EBP in the treatment of refractory SIH patients in China. We acknowledge that this study was limited by the retrospective design. Our data confirmed that with accurate localization of the CSF leakage site, targeted and repeat EBPs are safe and highly effective for refractory SIH.
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